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Surface Enhanced Raman Spectroscopy (SERS) is an ultrasensitive method
that enables simple and reliable identification of small quantities of molecules.
SERS analysis is non-destructive, fast, with high accuracy, and is widely
explored for chemical and biological sensing and detection. The signal
enhancement is attributed to the electromagnetic and chemical mechanisms.
The electromagnetic mechanism relies on the generation of localized surface
plasmons leading to a significant enhancement of the incident electromagnetic
field at hot spots of the plasmonic materials which are typically noble and
coinage metals with nanoscale surface roughness. The chemical mechanism
is related to the interaction between the analyte molecules and the SERS
substrate surface such as charge transfer processes, resonant energy transfer,
or modification of the electronic structure of the analyte molecule. At
present the research is focused on new noble metal-free SERS substrates
based predominantly on low-dimensional semiconducting nanomaterials
(nanoparticles, nanosheets). Here the signal enhancement is mainly attributed
to the photoinduced charge transfer of the chemical mechanism. The basic
aim of this thesis is the research and development of the Ti3C2Tx MXene
nanoflakes-based SERS substrates and studies of the effect of the active
layer morphology on the SERS effect. Few-layer Ti3C2Tx MXene substrates
fabricated by vacuum-assisted filtration (VAF) and spray coating on filter
paper and glass were prepared and studied. The VAF deposition results in
a dense and compact MXene layer suitable for SERS with high spot-to-spot
and substrate-to-substrate reproducibility with a significant limit of detection
(LoD) of 20 nM for Rhodamine B analyte. The spray-coated MXenes film
on paper revealed lower uniformity, with a LoD of 50 nM for the drop-
casted analyte. The prepared MXenes films were analyzed by AFM, SEM,
confocal laser scanning micrsopy and confocal Raman microscopy. For MXene
layers prepared by spray-coating we observed formation of aggregates during
the deposition process for both glass and paper substrates. This effect was
not observed for VAF deposited MXene films. Accumulation of the analyte
molecules in the vicinity of MXene aggregates negatively affects the resulting
SERS enhancement. Ti3C2Tx MXene layers deposited on filter paper by
VAF offer great potential as a cost-effective, easy-to-manufacture, yet robust
platform for sensing applications. It is demonstrated that the deposition by
vacuum-assisted filtration (VAF) method enables the preparation of dense
MXene layers suitable for SERS with high uniformity simply without any
complicated deposition equipment. The results point to the dominant role of the
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chemical mechanism for SERS which is assumed for noble metal-free SERS
substrates.

Povrchovo zosilnenda Ramanova spektroskopia (SERS) je vysoko citliva
metoda, ktord umoziuje jednoduchu a spolahliva identifikédciu malého poctu
molekul skimanej latky. Analyza SERS je nedestruktivna, rychla, s vysokou
presnostou a je Siroko vyuZivand pre chemické a biologické snimanie a
detekciu. Zosilnenie signalu sa pripisuje elektromagnetickému a chemickému
mechanizmu. Elektromagneticky mechanizmus vychddza z generovania
lokalizovanych povrchovych plazménov, ¢o vedie k vyznamnému zosilneniu
dopadajuceho elektromagnetického pol'a na ,,horuce* miesta plazmonickych
materidlov. Sa to typicky vrstvy uslachtilych kovov s drsnost'ou povrchu na
nanourovni. Chemicky mechanizmus suvisi s interakciou medzi molekulami
analyzovanej latky a povrchom SERS substratu, ako sii procesy prenosu
naboja, rezonancny transfer energie alebo modifikacia elektronickej Struktur. V
stcasnosti sa vyskum zameriava na nové nekovové substraty SERS zaloZené
prevazne na nizkorozmernych polovodi¢ovych nanomaterialoch (nanocastice,
nanovlocky). Tu sa zosilnenie signalu pripisuje hlavne fotoindukovanému
prenosu naboja v ramci chemického mechanizmu. Hlavnym ciel'om dizertacne;j
prace je vyskum a vyvoj SERS substratov na baze inovativnych nanvlociek
Ti3C2Tx MX¢énov a Stadium vplyvu morfolégie aktivnej vrstvy na efekt SERS.
Pripravili a skimali sme SERS substraty na baze niekol’kovrstvovych Ti3C2Tx
MXénov, ktoré boli vyrobené vakuom asistovanou filtraciou (VAF) a strieckanim
na filtra¢ny papier a na sklo. Vysledkom depozicie VAF je kompaktna
vrstva MXénov vhodnd pre SERS, ktord vykazuje vysokt reprodukovatel'nost’
vlastnosti v radmci substratu ako aj pripravenych substratov s limitou detekcie
(LoD) 20 nM pre analyzovant latku rodaminu B. Striekanim deponovana
vrstva MXénov na papier ukazala nizSiu homogenitu a LoD 50 nM pre
nakvapkany rodaminB. Vrstvy MXénov pripravené VAF boli analyzované
AFM a SEM, konfokalnou laserovou rastrovacou mikroskopiou a konfokalnou
Ramanovou mikroskopiou. VAF vrstvy mali odlisSni morfologiu povrchu oproti
strickanym vrstvam, na ktorych sme pozorovali formovanie agregatov, o
ovplyvnilo aj distribuciu analyzovanej latky na povrchu SERS vrstvy. ZvySena
akumulacia molektl analyzovanej latky v blizkosti agregdtov MXénov sa
pozorovala predovSetkym pri depozicii kvapkanim o ndsledne negativne
ovplvnilo vysledné hodnoty SERS. Vrstvy Ti3C2Tx MXénov nanesené na
filtracny papier metodou VAF ponukaja vel’ky potencidl ako nizko-nakladova
efektivna, 'ahko vyrobitelnd, ale robustna platforma pre SERS aplikacie.
Ukazali sme, Zze metdda nandSania vdkuovou filtrdciou umoznuje pripravit
kompaktnu vrstvu MXénov vhodni pre SERS s vysokou rovnomernostou
jednoduchym spdsobom bez zlozitého depozicného zariadenia. Vysledky st v
sulade s publikovanymi datami o dominantnej ilohe chemického mechanizmu
pre SERS.

Surface Enhanced Raman Spectroscopy (SERS) is an ultrasensitive method
that enables simple and reliable identification of small quantities of molecules.
SERS analysis is non-destructive, fast, with high accuracy, and is widely
explored for chemical and biological sensing and detection. The signal
enhancement is attributed to the electromagnetic and chemical mechanisms.
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plasmons leading to a significant enhancement of the incident electromagnetic
field at hot spots of the plasmonic materials which are typically noble and
coinage metals with nanoscale surface roughness. The chemical mechanism
is related to the interaction between the analyte molecules and the SERS
substrate surface such as charge transfer processes, resonant energy transfer,
or modification of the electronic structure of the analyte molecule. At
present the research is focused on new noble metal-free SERS substrates
based predominantly on low-dimensional semiconducting nanomaterials
(nanoparticles, nanosheets). Here the signal enhancement is mainly attributed
to the photoinduced charge transfer of the chemical mechanism. The basic
aim of this thesis is the research and development of the Ti3C2Tx MXene
nanoflakes-based SERS substrates and studies of the effect of the active
layer morphology on the SERS effect. Few-layer Ti3C2Tx MXene substrates
fabricated by vacuume-assisted filtration (VAF) and spray coating on filter
paper and glass were prepared and studied. The VAF deposition results in
a dense and compact MXene layer suitable for SERS with high spot-to-spot
and substrate-to-substrate reproducibility with a significant limit of detection
(LoD) of 20 nM for Rhodamine B analyte. The spray-coated MXenes film
on paper revealed lower uniformity, with a LoD of 50 nM for the drop-
casted analyte. The prepared MXenes films were analyzed by AFM, SEM,
confocal laser scanning micrsopy and confocal Raman microscopy. For MXene
layers prepared by spray-coating we observed formation of aggregates during
the deposition process for both glass and paper substrates. This effect was
not observed for VAF deposited MXene films. Accumulation of the analyte
molecules in the vicinity of MXene aggregates negatively affects the resulting
SERS enhancement. Ti3C2Tx MXene layers deposited on filter paper by
VAF offer great potential as a cost-effective, easy-to-manufacture, yet robust
platform for sensing applications. It is demonstrated that the deposition by
vacuum-assisted filtration (VAF) method enables the preparation of dense
MXene layers suitable for SERS with high uniformity simply without any
complicated deposition equipment. The results point to the dominant role of the
chemical mechanism for SERS which is assumed for noble metal-free SERS
substrates.
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